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The compact sizing and lightweight characteristics of thermoelectric devices have garnered 

significant attention, leading to their widespread use across varied fields. This study 

experimentally investigates the application of thermoelectric refrigeration in air 

conditioning, employing a moderately designed system. A unique, multi-U shaped heat 

sink system was developed, wherein thermoelectric devices were affixed onto rectangular 

tubes befitting their dimensions, thereby facilitating water as an auxiliary medium for 

energy transfer. This design enabled the transformation of cold water from the system's 

cold side to the indoor unit's water-air heat exchanger, while hot water was directed to the 

outdoor evaporative cooling tank. A Peltier-type thermoelectric device was harnessed for 

this experiment. The devised setup was subjected to multiple tests to evaluate its thermal 

performance under the climate conditions of Najaf. Preliminary results validated the 

effectiveness of the water cooling methodology, with the water temperature observed to 

decrease to 14℃. Consequently, the room air was cooled by the water-air heat exchanger, 

reaching temperatures between 20℃ and 24℃. This study underscores the potential of 

integrating thermoelectric devices with innovative heat sink designs for efficient room air 

cooling. 
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1. INTRODUCTION

Thermoelectric technology enables the direct conversion of 

a temperature differential into an electric potential, and 

conversely. This principle was elucidated by the French 

physicist Jean Peltier in 1834, who discovered that upon 

passing an electric current through a circuit composed of 

disparate conducting materials, heat is absorbed at one 

junction and rejected at the other. Standard thermoelectric 

modules typically employ doped bismuth telluride, resulting 

in a performance that is deemed middling. These small-

capacity thermoelectric modules are versatile, with potential 

applications as power producers, coolers, or heaters. However, 

historically, the applications of large-capacity thermoelectric 

devices have been curtailed by the low efficiency of 

thermoelectric modules. Recent scientific advancements, 

including the development of novel thermoelectric module 

materials and assembly techniques, coupled with escalating 

concerns related to fuel economy, emissions of hazardous 

particulate matter, and the use of chemical refrigerants, have 

reignited interest in thermoelectric technology. The inherent 

advantages of thermoelectric systems, such as silent operation 

and absence of moving parts, have further piqued this interest. 

Encouraging outcomes from several investigations exploring 

potential applications of large-capacity thermoelectric 

modules in the realms of waste heat recovery [1], 

superconduction [2], and refrigeration and air conditioning [3], 

signify promising prospects for this technology. 

2. THERMOELECTRIC REFRIGERATION

Thermoelectric refrigeration can be achieved by conducting 

a current, denoted as I, through one or more pairs of N- and P-

type semiconductors interlinked with a high-conductivity 

metal as depicted in Figure 1 [4]. This process is characterized 

by the movement of electrons from a low energy level in the 

P-type material to a higher energy level in the N-type material

via the connecting conductor, contingent on the electric

current flowing from the N-type to the P-type semiconductor

[5].

Consequently, a decrease in the temperature (TC) of the 

interconnecting conductor is observed, as it absorbs heat from 

the surrounding environment. The absorbed heat is then 

carried to the other end of the function via electron transport 

through semiconductors. As the electrons fall back to a lower 

energy level in the P-type material, the heat is released, leading 

to an increase in the temperature of TH [6]. The Peltier effect 

describes this process, with the Peltier coefficient, a function 

of the Seebeck coefficient of the semiconductor material and 

the absolute temperature, playing a central role. The Peltier 

coefficient is associated with a heating effect when the power 
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supply polarity is switched and a cooling effect as the electric 

current moves from the N-type to the P-type semiconductor. 

The direction of the electric current thus determines the 

temperatures at both the hot and cold ends [7]. Recent 

advancements in thermoelectric materials suggest significant 

potential for enhancing their thermoelectric efficiency, 

marking a substantial stride towards novel application areas 

for thermoelectric modules [8]. For instance, a Modelica 

model of a Peltier water-to-water heat exchanger was 

developed for transient simulations [9]. This new model, 

which leverages TIL, an object-oriented Modelica library, has 

been utilized to simulate the transient behavior of a Peltier heat 

exchanger under an abrupt voltage reversion, with the 

numerical results cross-validated against the measurements 

from a prototype [9]. In their study, Liu and Zhang [10] 

outlined an experimental investigation of a solar 

thermoelectric air conditioner equipped with a hot water 

supply. The system demonstrated a high coefficient of 

performance (COP) when space cooling and water heating 

were coupled. Moreover, the internal constitution of 

thermoelectric components in an air conditioning system can 

be optimized, as discussed by Dongxu et al. [11] and Ruiz-

Ortega et al. [12] for transient conditions. Thermoelectric 

modules have also been integrated into the ceiling for 

combining ventilation and airflow within a space [13]. 

Yilmazoglu [14] proposed a prototype heating, ventilation, 

and air conditioning (HVAC) system comprising a 

thermoelectric module with radiators installed in ventilation 

ducts. The system, tested using a single thermoelectric cooler 

(TEC), recorded flow and thermal conditions. Additionally, 

the internal structure of the thermoelectric module can be 

improved, possibly incorporating non-standard leg geometries 

[15-17]. By tuning the electric current and the number of 

modules, Attar and Lee [18] proposed a thermoelectric air 

conditioning system with air-to-air heat exchangers. Sun et al. 

[19] presented a novel radiant heating terminal connected to a 

TEC and evaluated its performance in real-world settings, 

which appeared to be faster and more effective than the 

conventional system. There has been substantial progress in 

the search for efficient thermoelectric materials [20, 21], and 

Pourkiaei et al. [22] provide a comprehensive review of 

thermoelectric modules and their applications. The heat 

transferred by a thermoelectric module needs to be extracted 

from the cooled area and expelled outside. Typically, this is 

achieved using fan-assisted radiators, possibly supplemented 

by a liquid medium that transfers heat from the TEC to the 

radiator. Only radiators with appropriate capacity can provide 

the required amount of heat transfer [23]. The heat-conducting 

medium may take the form of liquid water [24] or phase-

change materials that utilize latent heat [25]. The U-shape or 

wrap-around heat pipe is ideal for an HVAC system requiring 

cooling with reheating [26]. In addition to the Peltier 

coefficient and the electric current flowing through the 

thermoelectric module, the heat absorbed at the cold end is 

influenced by two other factors. Firstly, due to the temperature 

difference between the hot and cold ends of semiconductors, 

heat is transmitted from the hot end to the cold end through the 

semiconducting materials. The thermal conductivity of the 

material and the temperature differential together determine 

the amount of heat transferred [27]. Secondly, when an electric 

current flows through semiconductors, a phenomenon known 

as Joule heat generation occurs due to electrical resistance R. 

This Joule heat, which is proportional to the square of the 

electric current, is produced equally at the cold and hot sides 

of the thermoelectric device and ultimately becomes the 

decisive factor [28]. The joule of heat finally takes over as the 

determining factor since it depends on electrical resistance and 

is proportional to the square of the electric current. The three 

distinct effects outlined above can be used to characterize heat 

absorption rate 𝑄° at cold side of thermoelectric module. 

 

𝑄° =∝ 𝑇𝑐𝐼 −
1

2
𝐼2𝑅 − 𝑘(𝑇𝐻 − 𝑇𝐶) (1) 

 

where, 

α is the differential Seebeck coefficient sometimes referred to 

as αpn. 

I electric current.  

R is the electrical resistance of the thermoelements in series. 

k the thermal conductance of the thermoelements in parallel. 

TH and TC, hot side and cold side temperature respectively.  

The coefficient of performance (COP), which is equal to the 

net heat absorbed at the cold junction divided by the electric 

power input [29], describes the energy efficiency of a 

thermoelectric device. 

 

𝐶𝑂𝑃 =
𝑄°

𝑃𝑒𝑙
=
∝ 𝑇𝑐𝐼 −

1
2
𝐼2𝑅 − 𝑘(𝑇𝐻 − 𝑇𝐶)

∝ ∆𝑇𝐼 + 𝐼2𝑅
 (2) 

 

The ability of a semiconductor to cool is determined by See 

beck coefficient α, electrical resistivity ρ, and thermal 

conductivity k over operational temperature range between 

cold and hot junctions. Definition of electrical resistivity is: 
 

𝜌 = 𝑅
𝐴

𝑙
 (3) 

 

A is resistive material's cross-sectional area.  

l is length.  

Thermoelectric figure of merit Z is comprised of the three 

material qualities and is defined as: 

 

𝑍 =
∝2

𝑘𝜌
 (4) 

 

Material scientists use the term "figure of merit" to describe 

the effectiveness of semiconductor materials in thermoelectric 

applications [30]. 

 

 
 

Figure 1. Thermoelectric device 
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3. EXPERIMENTAL SETUP 
 

The manufacture of the main components of the device, the 

experimental procedure, and the measurement equipment are 

described. Many tests of the experimental rig were fabricated 

locally for testing the system's thermal performance and tested 

in the Najaf climate, where in the summer it is hot and dry and 

sometimes the temperature reaches 45 degrees Celsius. The 

experiments were tested with constant heat exchanger 

dimensions (Figure 2). 

The thermoelectric device used in this experiment is Peltier 

type TEC1-12706 (12V-DC and 5.8 A) as shown in Figure 3. 

The device dimensions are (40×40×3) mm and the number of 

devices is 20. 

The Peltier devices were arranged and fixed on the 

aluminum rectangular tube (440×40×15) mm dimensions. 

Thermal paste is placed between the device and the tube to 

increase thermal conductivity and prevent thermal insulation 

by the air gap. The number of tubes is five and arranged as 

shown in Figure 4. An adhesive insulating tape was placed 

between the devices and between the pipes, and then a thermal 

insulator was placed for the group as a whole, see Figure 5. 

There are two lines in the tubes, one line to flow the cold water 

and the other line to flow hot water. 

 

 
 

Figure 2. Experimental setup system 

 

 
 

Figure 3. Thermoelectric device 

 

 
 

Figure 4. Prototype Peltier water-water heat exchanger 

 
 

Figure 5. Thermal insulation 

 

The hot water tank (20 liters) is made of polyethylene; an 

axial fan dimension (25×25 cm) (220 Volt, 15 Watts, 1600 

rpm) installed to the tank cover pulls the inside air. The air 

enters the tank cover through 40 holes with a diameter of 4 

mm. The hot water comes from a heat exchanger by a rubber 

tube wound around the axial fan. Containing 20 circular holes 

with a diameter of 2 mm for water spray to increase water 

contact with the air and thus increase the evaporation rate. 

Which results in dragging the latent heat of evaporation from 

the hot water and rapidly decrease the water temperature [31]. 

Then cooled water return to the heat exchanger, indoor air 

conditional split unit (1200 Btu/h, 220 Volt, 40 Watt, 725 m3/h 

and 1250 rpm). The water in the unit is recycled by two small 

water pumps (220 Volt, 15 Watt and 2131 l/h) put in a storage 

tank for hot water and in a flash tank for cold water. A plastic 

tube joins the unit parts together 12.7 mm in diameter. 

The Schematic diagram for the device and temperatures that 

must be measured for completing the device calculations are 

shown in Figure 6, and the names of the abbreviations were 

listed in Table 1: 

 

 
 

Figure 6. Schematic diagram for the device 

 

Table 1. The names of the abbreviations shown in Figure 6 

 
S. 

No. 
Symbol Nomenclature 

1 Tcw out 1 Temperature of the cold water outlet 1 

2 Tcw out 2 Temperature of the cold water outlet 2 

3 Tcw in Temperature of the cold inlet water 

4 Thw in Temperature of the hot inlet water 

5 Thw out Temperature of the hot outlet water 

6 Ta in Temperature of the inlet air 

7 Ta out Temperature of the outlet air 

6 A-W HE Air-water heat exchanger 

7 PP W-W HE 
Prototype Peltier water-water heat 

exchanger 

8 CWP Cold water pump 

9 HWP Hot water pump 

10 ICWT Insulated cold water tank 

11 EhWT Evaporative hot water tank 

12 Efan Evaporative fan 
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3.1 Measuring devices 

 

A 32-channel, multi-channel temperature meter with an 

LCD display of type (AT4532) is employed. The temperature 

range was (-50℃) to (+1000℃) with accuracy (±1℃) and 

resolution (0.1). Seven thermocouples type K were used to 

measure the temperature distribution. Five thermocouples 

sensor (Flat Pin) was fixed by nylon cable ties on pipe surface 

(to measure the temperature on the main point of cycle) and 

insulated by insulation tape to avoid contact with another heat 

source from the system or ambient and then to save it 

insulating by duct tape. While the other two thermocouples 

(probe metal head) were fixed to measure inlet and outlet air 

temperature. To measure the cycle power conception, must be 

measure the electric current by Clamp meter. 

 

All tests are following the same steps as follows:  

1. Turn on the rig and wait for steady state (after 30 minutes).  

2. Using the digital Multi-channel temperature meter to 

measure the five-minute temperatures. 

3. Measurements were taken in the Al-Najaf climate [32].  

4. The measurements started at 9:00 a.m. and were taken 

every five minutes. 

 

 

4. RESULTS AND DISCUSSION  

 

The measured temperatures indicated in Figure 6 are the 

main factors that determine the functioning of the system. 

Ambient temperature it is direct affects the cooling of the hot 

tank water, which in turn affects the efficiency of the Peltier 

work, as it transfers heat from the hot side. The significant 

drop in temperature for the exit water temperature (Tcw out 2) 

from the Peltier water-water heat exchanger cold line shown 

in Figure 7. The air-water heat exchanger is not working until 

30 minutes, after that, turn on the air-water heat exchanger 

until 65 minutes. Water temperature decreased to 14℃ and 

when turn on the heat exchanger, the temperature of the water 

increased as a result of heat gain from the air because the space 

is open and it did not putt the heat exchanger in a closed space 

or insulation box, the water temperature continued to rise to 

approximately the room air temperature.  

 

 
 

Figure 7. Cold-water compared with air temperature 

 

Figure 8 shows the temperature of the water inlet and outlet 

air-water heat exchangers. After turning on the heat exchanger 

at the 30th minute, it was noticed that the difference between 

the two curves increased due to the heat gain of the air. 

Moreover, after that, it noticed an increase in the temperature 

of the water entering because the space is not insulated, as 

mentioned previously. 

 

 
 

Figure 8. Inlet and outlet cold-water temperature 

 

Figure 9 shows the significant increase in the temperature 

for the exit water (Thw out) and inner water (Thw in) 

temperatures at the Peltier water-water heat exchanger hotline. 

The evaporative cooling for warm water is working, and 

keeping the water temperature at about 35.6℃ is a suitable 

temperature for cooling the device and preferably lower than 

that. 

 

 
 

Figure 9. Hot-water temperature 

 

Cold water can be used to cool the air once the system has 

stabilized and reached a temperature of 14℃ after 30 minutes. 

The air temperature difference between inside and outside is 

noticeable, especially between minutes 30 and 45. That is a 

good sign that the system is working, and the outcome will be 

better if a reliable power source is available and the heat 

exchanger is located in a closed and isolated area (Figure 10). 

Figure 11 shows the refrigeration effect or cooling capacity 

of the system that was calculated from the heat loss quotient 

of the inlet and outlet air temperatures and from the air heat 

exchanger. According to the above, the refrigeration effect 

was high per minute 35 because the water temperature was low 

at this time, and then the refrigeration effect decreased with 

the increase in the temperature of the cooled water with time. 

The system coefficient of performance depends on the 
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refrigeration effect and the consumed power, as shown in Eq. 

(2). After measuring the temperatures and the consumed 

current, the coefficient of performance was calculated from the 

35th minute, and the result was as shown in Figure 12, as it 

gradually decreases for the same reasons mentioned in the 

refrigeration effect. 

 

 
 

Figure 10. Inlet and outlet air with water temperatures 

 

 
 

Figure 11. Refrigeration effect 

 

 
 

Figure 12. Coefficient of performance 

 

It will be easier to comprehend how the system works and 

its limitations if the key elements affecting the performance of 

a thermoelectric multi-U shaped heat sink-based room air 

cooling system are discussed. The main elements to take into 

account are: 

• The cooling capacity of the system is directly 

influenced by the temperature difference between the hot side 

of the thermoelectric modules, which faces the heat sink, and 

the cold side, which faces the room. More efficient heat 

transmission is made possible by greater temperature 

differences, which enhances cooling efficacy. The power input 

and system design may, however, be able to control the 

temperature differential because large temperature changes 

can result in thermal stress and decreased efficiency.  

• There are numerous thermal resistances to take into 

account when discussing thermoelectric cooling: A- 

Thermoelectric Module Thermal Resistance: This resistance 

has an impact on how quickly heat is carried across the module. 

Better heat transmission and cooling performance are the 

result of lower thermal resistance in the module. B- Thermal 

Resistance of the Heat Sink: How effectively heat is removed 

from the hot side of the thermoelectric modules depends on the 

thermal resistance of the multi-U shaped heat sink. For better 

cooling, the heat sink should have a reduced thermal resistance.  

• Significant elements affecting cooling performance 

include the heat transfer coefficients between the air and the 

hot and cold sides of the heat sink and the thermoelectric 

modules, respectively. Better cooling is made possible by 

higher heat transfer coefficients, which promote more 

effective heat dispersion.  

• The thermoelectric modules' cooling capability is 

influenced by the quantity of electric current used to power 

them. Greater temperature differentials and greater cooling 

capability are typically associated with higher currents. 

However, this needs to be balanced with the system's thermal 

constraints and the necessary power input. 

• Heat must be removed from the hot side of the 

thermoelectric modules, and this is accomplished in large part 

by the airflow through the multi-U-shaped heat sink and the 

effectiveness of the fans. The key to good cooling is adequate 

airflow and powerful fans. 

• The efficiency of cooling is increased by properly 

thermally insulating the cold side of the thermoelectric 

modules, which reduces heat gain from the environment.  

• The ambient temperature of the room or area being 

cooled influences the temperature difference between the cold 

and hot sides of the thermoelectric modules. Increased ambient 

temperatures may cause the system's cooling capacity to 

decline. 

 

 

5. CONCLUSIONS 

 

The present work studies the experimental investigation of 

using thermoelectric devices in air conditioning. According to 

the previous discussion of the obtained results, the following 

points can be concluded: 

1. The results of cooling water with the thermoelectric 

device are acceptable. 

2. The method of cooling water, whose temperature 

declined to 14℃, and subsequently chilling the room's air 

using the water-air heat exchanger between 20℃ and 24℃ 

proved successful, according to results. 

3. To keep the water temperature of the hot water tank 

between 24℃ and 30℃, the evaporator airflow rate and the 

tank volume, like a cooling tower, must be increased. 

4. The electrical power consumption of the 

thermoelectric and DC voltage are stable, as it can be operated 

on solar panels directly or any source of renewable energy. 

5. It's crucial to remember that thermoelectric cooling 

0

5

10

15

20

25

30

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Te
m

p
e

ra
tu

re
 o

C

Time (minute) 

T air in

T air out

Tc water out

0

1

2

3

4

5

6

7

35 40 45 50 55 60 65R
e

fr
ig

e
ra

ti
o

n
 e

ff
e

ct
 (

kJ
/k

g)

Time (minute)

0

0.5

1

1.5

2

2.5

35 40 45 50 55 60 65

C
.O

.P

Time (minute)

1004



 

systems are constrained by their very nature, such as their 

lesser efficiency when compared to more conventional vapor 

compression refrigeration systems. They are not suitable for 

large-scale cooling requirements but rather for localized 

cooling applications. Utilizing thermoelectric multi-U-shaped 

heat sink systems, better room air cooling can be achieved by 

comprehending and optimizing the aforementioned aspects. 

In conclusion, the primitive practical attempt to 

manufacture a heat exchanger that works mainly on 

electrothermal and water is considered a successful attempt, 

and it can be developed by increasing the number of 

experimental attempts for several parts of it. 
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